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9.1 ^Ic^iN (Refraction of Light) 


C®Pl<Jt TOT CTO C*t^ 01 ^5TtC®Tt TO 4^1 'SIfaR CTO* ^RJ "SllTO TO*f TO® ®fef 

^rol®*# 1®ir1®?r’qW'src&i 2rt®ror to TO'^TOr csic^ 1^?r-sitwr 

to* w *rifapft ^ to toot fro ^ro 4*? or 1rofi> *nc*t* 
toiot toiwi toUi toI^ ^ grf®TO to to ^hw csiw tot IWl^ toot 
stm to or troft to*t ^ toot totto tot i uiim+ib ^ c*tm to *nfro&r 
toit c*nf*® ** or trots ®rot Giotto to* *t \ 

tou* siffcro cron* to stfrorosp to toSi *iPr (n) toto TOt to i ro*t wtft, 
’TO *TOt* CTO 2.99x10 s m/s, TO 4fS TO CTOT TOOT* C®TO t*tOT TO Wpf 

^ crofS to to i toIS toot ^toi* to to otS§ toe5 4$ to*Si* 

2|R>'>uHI'*p i OPR <#fe® TOTO CTO *C.t^ 2.26xl0 8 m/s ^Icsr* *llPi3 *cc^: 

c 2.99 X 10 8 m/s 
n = - = ———— 5 —- = 1.33 
v 2.26 x 10 8 m/s 


c5R«i 9.01:t®* t®* TOOT 
'qk«it« 2tfTO*TO> 


®r*fte ’^ro ®hm* c*?f »n%® ®tioti* cro otiot* 

1.3315 «Pr 1 

4JHCPM TO5* ® s $* 2|(®*I4MI«* 

1 . 5 , ^toafc c®®* to TOfir c*n 

v = 3 X 10 8 ms'Vl.50 = 2.00 X 10 8 ms 1 

2|f®** c l1*F TOfS TO 4* CTOt W 0$ I 
OTt^§ qlCrilK CTO c, TOi^ n 4* TO 

WRlt 1 OTlOT» OTPtl 9.01 cSfTO t*^ *tTOfa 

siR»khi«? ottot tow 1*f toot ’TORtoc^ n to to to i, toiot* 
Sit®** 6 ^ 1 . 00029 , 4 fl> 1 TO 4 ® TOWfl or ®rR*t 1 *OT$tTOfl*TO*l 

(J) ^rtroff 

sfrT: 9.01 cSRcfi w^llCi*il 'TOw’jc^ilt's ®ltOTl* OT^f ^'s OT* <pw! i 



1.00 


1.00029 


1.33 

^TTTOtTO 

1.52 

%t 

2.42 


^TO: CTOt 'Sltro TOt? m v = - 

n 














































































mm stfewt 


\8(t 


'•^'Simsr v = 3 X 10 s ms-71.00 = 3 X 10 8 ms 1 
^ITO v = 3 X 10 8 ms-Vi-00029 = 3 X 10 8 ms 1 
*flte v = 3 X 10 8 ms’71-33 = 2.26 X 10 8 ms' 1 
v = 3 x 10 8 ms’71-52 = 2 x 10 8 ms’ 1 
fTO v = 3 x 10 8 ms-72.42 = 1.24 x 10 8 ms' 1 


»£i^rt??T 'sitwra' 

^®iw> TO C 3 # C^t»T 

to toc5 to fro 1 

TO=r ^rot?r grf^wtt^ TOt? 

'8’fa I 

9.1.1 ^3T 

stf^RTC't^T *jj*i wNln «r*u (?T 

%T CTtjC®H TO^i 
siRxpsui^ TOt?T ^itsRit 'ailc < rl<p 
R*»J{.'© (TO* «w 

TO^Tt TO RtflfclK 4TOS 17$ 
mos TO I 9.01 fBuqte 

to<t to TOfas <?pto w tos^ cto, M?r toot to 

gff^ro c^r 1 



tfesr 9.01: 2W TO*r (MW frffa TOOT 
TOfaslfeTOi 


elf^ram 8N^ ^T: ^ <JpJT «<W %?f TOtt OT ^v|\o«ifB TORT TO 

froft sifvd>>iRv* < 7 $ sftroi 


ell^ram ^ar: sm TOOTET n 1? t^k TOOT<T 8ll&*MW n 2 , 

TOTO CTOf 0!, «|lvB*ifivo (TOT e 2 TOT 



n a sin^ = n 2 sin ^ 



<4$ ^5ff% ^Sf ^jajffr "To sNc«1 2|1%5f^ef-7f^5t^ 5^- RTOR TOT Walt's 

*llTOi 




























































RfR «Nr 'sjtsjrsrf& rr wlRpn n 1 = i rsr Irro® *tif?r (fM 9.02) 

sin^ 

712 sin 02 

CRERJg n 2 >*IR RtR 1 CRt* CRpf ^ 02 < mMutfH RR «llwl* *fW RPRR 

CRCd* RlCRl n c^t*i RjFT «(|anil RC*M> RRR ^«ttR> RR RfRJR RfR I ROT RtRC® ROT 
^RtOT RT*ffOTR «OTR <1*1*1 C*1 RR RRf^ Rf I JJlJlOT 1 RR RRC® wWlwl RC^. <3R n OTH i 

r*iot$ gitoRm ^ar otiots ^mr rrcr riIr ^n?ir w rtrjr crp* rr riwt 

RlRlR RRR ziRt-'iR's sRi RCTR Rw ww *ilw l RflRtR RR RtRJR C^lw* RlR^R RtRJCR 
RlRlRRRR CRfl> RR CRPR'‘jOT ROT RtOT I (flaf 9.02) 


s 




tfeR 9.02: RlRRT RftJR OTOT RR RiRJOT RlRR RRR RtOTT ROTR to* OTOT RlR l RRRfRfR 
CT^RjRRfRtRiOTRlRRRRRRlOTTRR OTOT^JOTROTRlRl 

SjfaRRR ^(PRlSRl RRIT RC5R R£R tflRlOT ^ RlM«R Rft «flR? Rf% Rfot 

ROTOT ftig RRf^OT ROT R1ROTROT RRR^ awfS wiltfita* Rf*tT RlRJR CROT ^RT Rt*0OT 
8fOTR R*OT ^®RR RR RRR^ RlR^Ul RtPRT Sjtoto RR I ^cSt Rt*UOTR RlOTf R*5RtfR 
Rtoto RjCR JR? R^RtfR 8itoto RpR CRSt R*OT RlR^R CRlOTR 'GRRI Rt*f®R 
CRtR RHjpW RtRPR RR RR?& RfitoM'M R|y?0* RIOT I 


*o*1r 






































f&Jf 9.03: ^\WH grf®Wt I 

^ic*i?r ^st *pt c?rc*i c*® 4 *m«im wt <?&<?$ <&$ 

^t i "stmt ^nfw '55# 4 V»im cfnt w? '^Tc 9 r *nft i»mw$ '?pifl» ^wi 

^c?f <jlc<i (f^af 9.03) 1 slf®*ram ‘PhcH ^rn tflPT t'&Nta C5tc*t *I®(.9| 

____ J 



8|ft: CS|C^» '®llc«ll < P ?rf^If n — 1.6 45° G® ®H*|R>'o ^kic.^ 1 (f&m 9.04 a) »*lf5 

c^t^t fl^rsit*ocsf sim^w? 

«il»nil rii sin^ = n 2 sin 4»lcm. 

rii 11 

sin 0 2 = —sin©! = — x — = 0.44 
n 2 1.6 V2 


02 = 26° 


s|?l: 9.04 b (&<nfi»t's ?f*tf 60° C® <1®!*! CS|W> <£Rsf& ^l>qjc*< 45° 

ff'ofa "STNICST Slf® 7 #® i %Hrr 'stfqFjffo sjfts^nHI** w? 































*hMR«ah 


* 8 tr 



f^3f 9.04: (a) ^IWl 45° £411*1 ^TMf^2> (b) ^IWl 60° C4l£*1 wiHRi'o r«i 45° £411*1 

SitW^o ^£ 6 ^( 


fc'Q'Sl: ^Sftm n t sin^ = n 2 sin 0 2 


1 x sin60 ° = n 2 sin 45 ° 


n 2 = 


sin 60 ° 
sin 45° 


1.22 


9.1.3 


^TOt OTlCTt m TO 1 C«fc4 \ TO TO*f 2ffeTOt*F 

'SltWI? ’StfWJ ^5Jt? C^Ffa ^§®Ht 40t 1 C«|C4 C^f*1 ^ l "SltWi , 5ftt4 

«<w srtTO'itcro 'pro ^rj to*i ^ to c4Hfi>o 

TOi whfa ipHt toi \st^ 'Q*fa fa®?r <r>c<q (?rBt i <sli4 ’5F® *ltc4 i 


cro *ttftc4 TO -sim ^ 4tbi4 f^Drr 'qforc wi (ffear 9.05) 


*nfar VHftr ^tcs? eilfe>hMl«t 


rij sin^ = n 2 sin ^ 
rii — 1.33 
n 2 = 1.52 


l]2 

n t 


sin^L 
sin 62 


C*lf& 1 C$fC4 C^f*T i 


<*oilr 



































mH> 1 c^ico* ^ i 


ru 

n 2 


sin 6^ 
sin Bx 


= 0.88 


'2^k OT'siwiPBr c^r^ms 

t>|t)^ C^nSw* *llo '5j»1*il?l MO O'OCVS bR^ 
C*R 2}fW=tt«F m I 

*llf% 'jpRR fRT: 1.82 
Dolo '5» 8 i*il«i *fllR: 0.55 
o>l«>o '§«rito ft?T: 1.59 
■ffara 'Sj 8 i*il<i W: 0.63 

IpRt 

Rc»im s|R>' > hHH 1 ojo^Io *Tt <ko Rf*r5 
^* 5 * slf^RlW RwwR WH 



ffraf 9.05: *flft 'Q <plct>0 C^o? ^llwlo fiil'o-'l'sH I 


9.2 *ff ^p®fH 8|fc*P«i*i (Total Internal Reflection) 

8|fe*MH «llMltHl W ^lt ^C?l% "*RR TSF5FS ^ *lfo**M 
steim ^?r w ^ftRT ^frr R w traM* fp w ^c?r «*w *8 k?r 
S lf^pSR <m!mI I 8lR>«P e 1C10 £rt^P«R I ^ WsJ 5 ®' ^r^?5f <ir? 

siHrt, 4*fHR sif^RFR fare to '«ilwl* ^iftifl* ’sr am 

Rho»l 'sitWT *TI&tff© ^?T5Tt3i i 

'3|Ro1 tflR ^llcot WM C*lR (iflR? '0|C'IO i OlO OiO^JO O^CoR), Sifts ^I0C*R ^Jif) ^,C6^ 

rix sin Ox = n 2 sin 0 2 

^ifw ni CSlC^» n 2 ^5 'o|^c«i 0 2 C$lE^ Bj ^5 '55^ i *RT lift ^R "SIRR 

(n 2 ) am i£Rsf& vailwl^ -^Jsm RWR (nj) (Bar 9.06) I £tftwf arcs 

sifc>*MMo ft?R ^nft ’^rtlwBt £|R*pPi^ m ^ ’HiWsr 

e 2 am Q,^m inreR 0 2 <9o° $i iro$ 0i = 90° ^ <4? <r c«^ 

stf^ifw ^R ®ir c^tPt «irr Rti ^fK *rr 0! = 9o° ^r ^*r am *trat 


'*P4t-'S^, *MV(RwH, W-io'sr GStf*)' 

































































$.<to 


«dc«llc<p^ 8|lv®«pp|vs ^ I 0 2 lira - c?f ^IciS 'SRI 01 = 90° ^?r ^tf% C^H 

*iw> C¥R (Critical Angle) 0 C ^T i 



0 Z < 0c 


6 z = 6c 


02 > 0c 


9.06: ' s lT i fl^ fflW ^H<Pl 'srtWT <$ff W^afM srf^FR W& ’tfc. I 


'spfk rit sin90 ° = n 2 sin 6 C 
1%Wt 

■ /a n l 
sin 0 C — — 

n 2 

rii 4^° n 2 4^ 'SIR 'SfRT SftWi ^l*ml 4^fi> C^1*f 0 C C33 ^(.'s 
^3lf& *l%i <p jeers, aji£|i»lc«i» 4'5tC^Q 
<?Nt (Slffa *ttW: 

6c - sinl © 

n 2 = 1.52 4^ 

4|vb1PH n t = 1.00 ~5!& 

n i 1.00 

__ _ _ _ Q gg 

n 2 1.52 1 tfear 9.07: *Htb«l *H'®**M 18 

4ft uNipn 5w? « wslHalwwi 

sin 41.8° = 0.66 <IT sin- 1 (0.66) = 41.8° 



3*1% C^H 6 C = 41.8° 



































8tf^Wt 




^ ^ ^ c?m ^stw? toit *nte? w 3 % 41 . 8 0 c*fe^ 

cffl ^3i ^c®r tou* nftifi* ^ ^ csfc^ ^c?r *jjBH*|Jt sitete^ 

m\ « ^ 4^ ftm ^ ^5P®fef slf^ssH 

3 jt*n?ffc tew C 5 W *nwi 9.07 Mto Rcc^w ^rt* 

<3*N 45° ^t5-^l's|t»m ^1% <3*H 41.8° cslw C3f*t I <?l(.e£ 4*ltFT ^ 'a)'»j'®lH glte^FT 
^C3l 



«W: *Hte W ^ 4$ *flNl6t ^3 vat^f n 2 = 1.52 43? 

*i1%T rii = 1.33) 

^*3: *nte — = 0.88 <Ffc53 3*1% C^H 3£3 61.6° 3*13*1 sin 61.6° = 0.88 

n 2 

'em sin _1 (0.88) = 61.6° 

TSlHI^ «*t*t C*JC^J> 45°, 4fi> 3*1% <3*H 61.6° <3t^» "^3 ^ <jff <q'oj*®?H gjRxMl ^C3 
3ll 


«W: 1.45 gtf^WttWW 43*fi> ^IWW C«^®3 
C$|CT* ®llc*ll 75° CS 'a(Mfo\o ^BJC^ I (f% 9.08) 

3t*03fi>3 ^hj 3l'at3 ^It^r «iic*il15 w 

%3f c^W C3? ^C3 «iI»im i 

^*3: «3t ^flfr 

n x sin0! = n 2 sin 0 2 
1.45 X sin75° = 1X sin0 2 



sin 0 2 = 1.40 

^ ^ |53J 9.08: ^lc®ll 75° C^W 

«iN<il WlM sin0 2 43 313 <M<.*il 1 CSlE^ 

<^f*t "^s *I13E3 3t i 4 , <1W 4 3tf‘ ! H3fi> 

gitete 3t w *$ w»j-t62lH sitete ws 3*tcsj§: 33 3te <$& 

3W 3t*uw TOinr OT*fc» 33 ^3 3*1% <3*Wfi» <33 3*bt <?ra3T «1M, 

^ 4^ 3*1% c^T*t cstw 353 c^w ^nwt ^*tte ^*piiar fitted ^S 3 i 3*3 \ 



























































^ CTO 3*1% 0 c ?teT 

1 

sin6 c = = 0.69 

6 C = 43.6° 


75° (75 ^5ftM OTft Sltoto ?t ^4 W5p®fK ^t? I 

9.2.1 

(75t^t m\ ^m. ct irsmr ?% ^ 'ai^lH stto^rc <?Nf4 «icwt4 ^ 

<pft«l (W?Tt ?t? C? ?t?t (TtC^ *j4 '©|'»J*«©3H £|R>«P«11 (TfC^ I ??*f^ fcsf? 
?? *tif?? *j4 ^rspoftcf srt^pR tor i 

^ ^ ??, ■qmt ^it*iiw> ^j^ts «m w <7i*K75 «f? 

^©M'G t£)^ ^ s ^77® 'SITjffs (TtC^ i ^R> ??T? *t?*l? ?t4 CSt? ^ '®k<.°l «ih*il 

<r*i^ <7#t i ^5t??f <#rt ^«tt < q & <£rr «tif^r?r ^*ira <?$ ^rtM <j4 

«|\»r©IH g|t^)*ppivs ??t? T^RT 1%? 1%? '3$S? ^tM fs? fs? “^if^srt^t (to> *n? l 
?f*tF*p5Tf t^CST ?8S? ?It^ (band) fc©f? ?? i 

<7©mr ?mr ^©rnt toft ^nto? ^ *ra?ft ^4? tofte 

(7HT ^Ttn 4?° 4 , *R ^©1? +hHlt ft*Dift f^fa© *11?^ i 


9.2.2 'SlftfNn 

■siffte -siftfM *Jpft *ftJ1 <7®mt ^ ?5? OT Vinyl'S TR^ 

■5K75T <$4 '0|V0)*®|lH S|fo*P«%Hl ^Mt 4 ! to SftW i 

C^tM *tt'G?m ^Mt <FC? C*m *to ?T C*fc®t (tote's wHlb<M ^It ^ -Sff *lto 

*n?rcs ^fto $^3ft*t? «mc>hi <sr?f i ^q *nm wtf? ^3«® 

^sm ^*tc? m f¥% ^3*© <n*i?r ^fwt ^©m ^wifl ^©m 

^©PT (7^ ^3^5 «ftTO «l V|^d PtP ^Rrat 9.09 Pt 

<P* rv Rt <K3 f^5 ‘ 5 1tf% I 

»i^er»lM wu -sing ^c?r# *©cg i *©ra <tlv©lc>i^ 

W? Cgf4 ^©1^ C^f*t I R(.i>^ ^©cg ^©Rf ^3^ ^ i£T^ £|^Ji<)«tt^'Q 

i o>m stf¥5 ^©cg £tt^#® w stfw't c^t«t c^tb ^ 
>gt<»4iw to? ^©c? >£ipf ^ £ito®R ^c? <?R7© *rtc? i c#r sito? e ttc«^? 


*0$br 






























































































%oilr 


*<w> 

' s rf*OC s T ^Tsrt ^ OT^ft ^g°i 'oiHI'»«i wIcMti wPl 

^om ^mr c#t ^ ^ 

c^Nt ^rtrr, ^ <?Nt *rf i c^lwt '*11^ ’ttc^' '®m»iw 

^3t># ’It^ (FNC® *ltCT ^ *jff '3 |'»]*®Dh £|Fs<p»k.i5i ^WkH «itc^ <*r^fi> stf^f^ 5 ttE5?T 
Rci>'Q w^c 1 ^ *IIm i ^c*i ftci> *ttf^ «pkc 6 1 C 5 r*TtC*T *11 css sifcR*i C^HT *iIggs i 
■^IC^ C^i^f OT*ff '*ItW g<p!cmI C»^l 



f&ar 9.09: sMc»ra *ltvfa>is ^fac=t ^Slft><Pi i 

%?r ^3*5 ^sm «nf^ ^tta ^i?r w ^ ^i®n^ csm w <?ni 

I C»Hlc*1 C^T^Iwh *1* fff*lt ^It?f *U& ^js>C*ll I i^riJt'Q i*R* SSC'IS »l5)fi>S>l I 


9.3 8|l^ 1 t<C c t?I «ml< 

sif^ram^M «rto wi? <rcw ^ivicw* <$Hg*m cto 

tj3^K *N*R «lt^» C®PltM <?ra^r S>c*i<pf5 Sik^t 0fQ?If CTtf® *ftC3: 









































9.3.1 


^ CTHIWtm "Sltwr 



^5TO ®|\®J*to ^If ^fc5?T ^ to H1C*£ WJ?Jt 


TO^i ^TO c*r*TO tor 


Hitot to <?tto T^rom ton®r to 


HttotTO ^ w*tra m®it warn 


^ R*"^ <p|^lw 'o)k®il l °il5*?l He® *Tlil 9t°i 


Bar 9.10: «Wfi*jh <pI^Iw Hff 


c«ii>1c5P ^jto cHtor c*ic«p|ci1 wsrait ^rsr'sfM sltosiPRf "siNicsr ^rot pro 

toBto *nto ^r®r<s ^ <ot cs^? to c?m (core), <i$m< 

WTO TO (clad) I ^ «<wt to fcsfa TOO CWMiM TOta (CTO) 

nto* wr cro «fti ^ <ptro ^iwiw eifa*MMii 

oro* 'TO ^iTO cro ip to ^ont i (Bar 9.10) ^HBro ^Fl^fir to 
*TOT *T® toiler to ^It'ant TO, HTO ^§E® PlM ^5T 

■^n ^wt ttot to c*tm «Pr to to '*f$to *rat tofa VraHw^ ^t 
'«>mh ■#![ «qmk to ^r 1 

pft tsj^to TOc^ifH tora Bfiwwitoiwir arcsB sitoRr toBto 
■^TO^ t^r wfS h4h1 4^1 ^ciic^i 



fit*: TOfi>TO *i$4iw« «TOT 


1.50 aro aTO* 1.45 to (Bar 


n : = 1.45 


9.11) TSltCiTO *$ TS|«p®fK 8fto«H toI fiT 

■^rr wfsfstos ^rMf^s - ro to? 






Bar 9.11: ^Fi^m <?m wipf 


ai’TO 


rii = 1.50 arc* n 2 = 1.45 





































































qlwH 





= sin -1 (0.97) = 75° 


<p|(.'sf'5, «lH a 1l^ «Pi|C<p 75° 1%«3T C5C?f CTf*f ^ i 


9.3.2 « ^CH(f«1l4 

'Sftft c*ltopt*t 

«llw> 4^? rtfiiwH Pi«i *H% Pii> 

c$ic^ *ftf^ ^tj ffr*it i ^ft^t^t 

« to or *fror PlfiwM Nt ^t 
^t?r c*k?f cffi\ 

Pll^wl’f "5$ 'fsfWST 4^ 

voivsyolH 2tto®R tof (f53J 9.12) I 

4ftwlf»ll&M fr^T <MlWl4 W 4* 
fter to *j4 ^psfH gtf^wr 
<poi ^c?r i 

9.3.3 

c^r ^ ^*ocm ^ ^ ^ 

5,C°1 '®lcfl» fzl®^ <t®11 -"qw^ ■»ia||*vsnH 
"sitwr wto> ^It^it 2fw»f (?$ ftc.<ps •»i*il*wuh W ^1^14 ?t%F cm ^ W\ i 
to w^f^a «im^s ^fr ($c$ 4itoSt w m i torcsRr cm im 

'*iit B ii4 ifa fa *mrt» i (to 9 . 13 ) sm «$ to 'siit'ii^ ■#nfl» fiiwr to 
•fw^to* cto^rmi ww>8 tofa »wHa*h ^^ ^tor^5itM cm 
®pr c^ic^ c^t^rs c^ifS ^r ftw» ^c<i chic's *m *rt i 

fstww 'qicoih fw 9 itt 5 fr ■*n^ra' ^rt ^tore c*ifi> ^shj 4 ^fi> 41^0*1 'srirat <^f“t 1 

fsjsfc^i isi^fS 'oilc«7l^ s uRi s|(.^“l m C^lllJ ft<P c*k<p <ilw C^lfS 

toro eil^iiHiwu fa* toi ^tot ^fl srtwf^ *nro 
fcro ?t <ros? tos' 1 ^ fa fa <ros?' ^j eito^n^ to, 

^itm^ #if^5 fa fa m <m&\ flmcs^ 05 ^ 5 ? to *\m to c*ft ~m* 



fa 9.12: c*itopiE»r 'stfsrcra 

»lI5«qC'o fg^SR 1 










































































’MvfR'eall 




1%sr <aro 1w *t1w^ 
i ^ts5!§ cw IShpt cro ^rtM 
TO ^1* TO ^ tTStplt ^TtBT^rt TO c^, 
sm i 

9.3.4 OT 

sltro't ^ to <m N% wr 

^ I ^ %5f FW CTO> ^ : TO' 

(.uRk.-tpH ^l^,og»lc, j N , k ,p l?r *ic'®l ^ 
'^’Itf^ Mt ^t ^ i ^f^'S 
sk^ ?T ^jtrok^s c@m w ^?ri 
2i<p|^C'o>1 liR?'Stf *ftftTO «||c*lll>ll ^TOl 



l&af 9.13; fsf’BrTO 'afiflito #Ji^ 1w 
ffilWTO 'fSw KC? ^ t 


^ ^*iTO ^TOt R^'oIm c®i*r, croi* 


9.4 c«i*i « VoN statac*”! (Types of Lenses) 


^TOT ^5®T (£|^ ^ss\ TO^Tt TOf 

^ 'aikil’J.t'nh C®^ fTO WfM TOT 

■^tot di<pR*^c'o c<p«l'^'s ('oiiw-iiH ^f*tr) ^ 

<ftot T*m$ *\u& (^mtlt <if*ir) «*w <?r 

< ph(. e t s)R>Rw<i t'oR "^i <?l^ s|f®R«f ^wfcit 

*iR>j4»ito ^ ^toi ^srairo ^?ri ^rot 

hhnm to *raro 

W*ttf£ fcsft ^t TO TO» i 



._ . ,-. fS«st 9.14; 

w *raro 

.^. ^ ,___ *.___ ■ ■ 'Sf^*! OTWS 2W^*1 

sll'oH^ c®t?r ^nl ^r 1 «<p w 34**1 (.*1*1 TOUT'S hHI 
*(TO?r ^ ^ TOTO Pr^Flt 

^ i ^rnr <?m wrtfl TO®t f*w?t TO^it «<w *raro oro) i 

ftl*b'o®k 4 $ l *W 'TO^ (?T Msfl? c*i*i<. 4 » ^ «M i <iR> q^TO C^f fro 

^ OTHt to i (*rNtim wro^ '5*fsrt?r c*r*r ^ ^ i) v&s 

« 1 TO^ fro tsrfro^ C^ (JKT^ ^ <RT%Pt?r <rn (Q WS[ 


oMr 





















































































'TOR 

■^f) I OT <m fTO C^|T> ^5 OT*tt TO CR’jt'ilM 1 to®T (convex) toRt ( < pnlB^) 

'0|R>»llD <R*T TOTI CR C5RT tol TO feR»ic<p C^|t> OT*lt TO C# c«i®r»iceilcq» '®H'®®| c®R 
(concave) %SRt (TOto) RTOlft CRR TOTI CT C®W fTO C^f5 fetft^icxp TO OT*lt TO 
TOfc to*r tottor to gfR® cro to i to TOTOrr 

R?*f 2j|*® C^JM* 9.14 ItofiSo® CT RTOT OT*ll(.ll ^GilC?. I C*1C®1^ SP^U^C'Tfl Rc<P 

^®m»ic# « ^ws® TO tort to®*t crow ^ # c»n% to to toro i 

# ^ C*tlTO TO# RTO® TOR Ito'S ’Dc^l # TO^ 5 ^ C<P«C<P 
TO*TOR C<Pttj <JC®11 9.15 tofi>tt® Ci <TO C 2 R^®Wl C^flS I 

Mto #TOT TO tolPRT TOTO to TOTO TOTO TOT TOTOR TOTO TOi TOR TOlTOt 



to 9.15: ^9R 4R° ' 04 <jvooi w*ic4» ijfl> C’ihwn Wf Rc»iw TO**tTO TOTO TOR 


toitoto # toa «ii>iioth tow *hto tort tot toit <m <ro* 

*H[ CTOTOR #TOI HftTOitf CRT# CTO 

cTOers toRTO *N^$f TOrs$ *ltoftr 

TOM1 1»R. I wt»i<i sWw^om Ptw «Wot 
TO lt OTTO # ato TORT ’jkRTO 
ii|TO TOTO RTO'TO ftoj to rWITORT 

«rl«*ittr ifS £fRr torhsTOtoi totrTO ®tlR 
*iTO*®TO*i ^ Ptki TOIT TORtR TOTO 
sltoW TORFt TOft^ af 5 # ^ro to 
CKlCTO TOR (to 9.16) I 

3 1*l1‘®n1 i 1 # TO® «l1CfllTO 

#tl^ ^ro ato to cro w «Pr toto 

TO 1 # TORHsRM ^ ^ U<T tor# 

^TOPTTORt to to® TO 'rto ^iImito afar ca to tor toc^cTO# crototo^ 



to 9 . 16 : *RtoIcwi c»tor tor TO? w 
sltoaTO TOPt ^r TO cTOTOii^fTO 


vfaoo, W-ioTT (MR 










































































**lr 


C3?W?, *®l<l C*PI3 c«ic«m M*ilii ^t? c<pw 1>t«i 's<lc o il < P ?frr *lHWl 

^PRT 3C3 (ST'S?! ?l? CT sftilu* 1w ^R-q(^s <?$ (fBSf 

9.17) i «i*ij«l(. < q ^•nt's *t# v il's*il otw<i 'SfRNI^ OT to[ tof 'silMto ?f*lT 

w to* ?i? CTf& ^ <?ra (fsar 9.17, o to) ?r m 'a«% 

C3»3» (Optical Center) i 



f&ai 9.17: tl PTC*T C^3* 3T'Q?t 'ailwi^ ?ftl •»whs<ih'»l<.4 (M <SR*I{ ?t?, 
<FTC*l fej '*fl'3HT «do 8 ll<P fw wlStiller 


9.4.1 ^5»r C*1*T (Concave lens) 

^ ^ssf ^iiwm 
w ^mt sww ^«T is(m to 
* i c^rm ^mr 

sWCSf ^FT5®r (RS\ to 'eilWMI 3#i 
Wt «lHMHl CT 3?CT? 8|f$to fcsf? 
■55 C5TW ifR 5 ^ 3?CT? SlfoR* 
frof???! 

tor ^iiRt? c^im ^rar 
c 5 r*nw *hspt <?# 

sitoto ?3t? w ?i?to *fc®i 
(FTC*? «®lt05e to 4$ 3?CT? 

3jt*n? 3ti> 1 ^ <&&\ *wi*®*H 

*tWT 8ltoto'531? *PR1 C5#tfw *t0?l 



to 9.18: «i<i'® ,7 i t°ic*m <^5? tol 
^I 5 «?I|S| ?rf*lf *t051 







































































mm* sttowt 




slto#© 'oilc«nl’J[(.«il # ©lR?t cHrm? to^ ?!%? to '©kt®i "TO TO P1*]Ml TOto 

to[ pto p?®n?j©pr *w <to to pfito to ^ cro? cro pto to 

PH<M>I *lKicn>3 ?PT PM4l»l ^5 1 (to 9.18) 

^r mm c^rm mm ^ to to pto mm «*bt mm pfto mm \ mm* 
tor to to Picto mm pri m\ srotot mm* TOi>t c^fi^pt $toi mm 
Pito %to PRt cro m ptor ^ 

R?R < *ITOl ^RHs^K 'o|lc«ll PRt TOT 
C# ^fo«j *|C® TO* ?PT P?J P# 

ptor to pto toto to 
*tro> 'oii<.«ii«p ?fti? *if©*R to r 

tTO # Plto tor TOIC^ to pito 
to to? ttItt i to ©ra©*r pk*n *fe«i 
?Fs?i? ©umi? «ttot? m>imnc? $pfct 
?ro too mm c# "to ^i?^t 

to^ ^«| <||w (tof 9.19) I Imq 9.19: '®H'o»i C°1C»I^ t'O'®^ fowl <lhls 

_ ^ > , ~ _-, *TO? to?!?! nPn ?vHiNM to ^tc^r I 

'OH'OOI PTO <pHt? SlT©m CON ?? C# 

(mm ©rj mm* ?to ©i?©«t mm ^Rtc? sitoto ?? c# ®rHco> toi c# to? 
to mm* ?to ■# ato mm mm »to *1to m §*\* \ mm to# to*i? mm* 
#tf? sftowmtora e»Hw^#lro srfto?fc©f?^? c#TOJtTO© *tt??: 



(0 mm* #n croto* tot (to? 9.20, yo to?t xo ?far) c# gttoro? *1? 
PHerl^to^PT^mi 

(ii) sim mm w©?R (to? 9.20, xp) #uto eritoro? to to to pr ## 

(PS) PFtTO to (F) CTO TOCS 1 

(iii) mm* # 11 ? to to to to pito pto ^pto to pito to? 
to? ?t? 1 <pito cro? mm\* ton (to 9.20, sp) ptor to cto 
sim mm* rto TO*©?R to (ps) siftoto to i 

mm ^ro ms*\ mm 4# ■?*§? sttoto c^r to pfst c?? ^w> <nf? 1 
*m m* tost ?^5 xy tost 'ai<j'o«i cro? ?*tc^ mm ?cto i (to 9.20) tosi?# 

?*?1? ®rj ?c? toc?if? y tosto mm* ^®i yr 4 ? ^^tc? 1 ? 5 '^to? wh to^? 
sltototo ctoi? to c# c?? ?s?i? ®rj <m$ to^ pto ©f©© ^to ?to ©to ??TOi 
















































































































to y to cro^ ?Pir afotolE (m^us *\m\ y to c*ro yr 

v =M**T* ^sh<l 4<T*fc sPll 'aifol ■ > 1 '@ < 1 , «lt ^tSRlt «rll*i Y adfoR* i$t TORT 'Q*l? i'sp 

toi x to^ sf&m cro to*? ^to tot ^ffsrat y to? gtftor cto 

■STOI 

x to # ?far toto ?#, 

TO 5 ? WsIK XP 

to> <?w <to» c?? ^sro 
to? TO ^ CTO§ 'SR?? to 
C*flTO CTO to^® TO to 
wl*h F CTO* P *tw 

C^lt ?fw wt sPilfi* 
cto TOi ffito toft x to 
CTO c*ic*n c^cttin fro <to 
to TO®n g>icto to? xsi^itft 
<£|ft ^RlP# XT fTO TO TO 
TO I XT ^ FS CffHt # C? 

to® ^ to? <?iftt to x 4? toto x', x r cto tort «*ftr ^ito TO?t 

XY 4? toto X'Y' CTO ?1? I 

ts^®r To 5 ?!? TOH?TO?r?r ptcto tofro? w^ic^'a cto tor 

(a) tol? 'oi^HH ^(.<1 GPiOTfl C<Pttt tiR? CsppPl^T 'sjt^TO 

(b) 

(c) tot OTt^t 4?v tot 

(d) cto 

9.4.2 'S'Q C 1 CTO (Convex Lens) 

cto? topf TOsgtwi ^©5? tov TO?t c? ??to to% 

croton to tot to to <*to ??ro toto *nrot ?i? wro TO?t 

CTOltot? TO '3*1? TOTOtsf ?f*lT TOlt TO cto CSflTOf top® TO - ?? I to^T 

CTO3 to into ?JW1? to, TOTOH to CTO TO toCPTf to CTO? CTO1? top® 
C^#§^» ?? (to 9.21) 4?? TOTO TOI? to? TO l 














































































^«Tr*]t? ^itw c^twt to ^toit toto ^sr 
to®r c«ic»i<i (?Ft#r to tv ® pi^ Rd^Rvs ^tort $vi&im» (to 9.22) ?Nt ^ 1 ? '©K<.®i 
'aiiwiUi <tonr c«^ to w *wh*im to toi (ton phi ^ 
TfSRf ^ 1# a cto 5 b cs Tn?r ^Kc«i ?if*ii?r to *ito^T tor 4fi> b 
cto a cs Titw 1) to to «i<Hki ^5 srttor to stf^to c^t^mr 

^W Plfi> WO 0>C0 Wpl I 




to 9 . 21 : Wr c?m<i csm to tot? to 9 . 22 : PHto ^iwi4 to ^«tt to 

>iV||**i<lM *rf*I[ C*f“l4t*1 R-^Oi C4«§1^ ^ 1 \5'Q®i PM ptfi>w J l^l‘wol«l of*ll(.'s •rfsH'o <PM i 

p# ^ tota ^sto ^rat 'siit 4 il^ *ftr to®r ptot sitoto^ Pif& cto toi 
to^r hot toft tom ^nerfis ?to srtoram to *hw$ #Nw sito* fcaft^r 

pift ojl^ljt o > ot'o *tm: 

(0 ^lwio» <jftr to (to 9.23, yo tost xo *fir) Pift sitorato *bt 

Wletl^Sf to to I 

(ii) Sf*fK ^iltiBUh (to 9.23, XQ) uftlft JltolUtMH *ftT PFtto to (F) to 
to (CT) I 

(iii) tol^ ^rfto to *tf^to to «*rft wto to* tots to pito to 
Ito to i ^icsr^ c^iPTt toi^ ?ftr (to 9 . 23 , tc) PFito tor cto pift tfto 
toR to to (cx) sttototoi 

. 'tool ftto P1P10 toJ srf^to «P0O» *to I 

•o 




















































































fifRCR RRT RlR 5 tiiR>fi> R 5 ^ XY CR* CR*f ‘RR? ^®tR crHr^Ir Ir*»jr f RWRIgr RTRt ^c®il i (f53f 
9.23) *m CR'alCR RJtRfl W ^C«JC^ 1$R> CR^ *4R^ flit's RRtfo *flfR Y f^R 
YOF ^ CR*ltR 'Q’R ^CRI X R^fiiR «lf«% X' CRW ^ 'Q’tR RR ^Pt 

WlRRt Y 4R fillvsRwR ^IRMR C*tCR RtRI 


X' 



ffcaj 9.23: wRR *|RCRR C'O'aw R^ RNT R5R CRCR RW atf^RR CRRt RlR l 

4RTCR X iRRJ <3IW # Rftr RIW* RW RRtRsRH XC ORlfli OTW®T 1^5 F *f|R 
1^5R f^CR T 4R fRER» RtCR I X fRRJ CRC^ R^tT C®1C*1R CR^R*^ iRCR ^sjfet RjFT CRffr CRM 
RRIMRiR XO ^CR S «OT RtCR I (FNtf©^ *IM CFT 4R* YOS CRRt # RlRCR f*tCR 
t^T© *f|RCR Rh RtR ^ RFaR grf^fRR Mr RRtR (MCRf flfti GNT 0 \ 

C’RR iRC^ Rlfe«l t^T CR X' R^C.'o faPlR> ^CR CR^lt X tRRjR stf^fRR I 

<£\% I^J CRCRJ YF CRRR ^*R RR ^srNst RtfR Y' R-tjtfo ~K R*CR CRSt Y iR^R Stf^fRR I 

RtCBR XY R*§fi> R^ CROTR RsRMfl Mt^TT RCR 2j|'afR*fi> '^5^ R\5 Rtfs RtRMl 
'SfRR ^*0 R^ CRSRIR iR^ F <*TR RR^Mfl RtRT RCR 2lf^fRRfi> R® Rtfs RfatR l 
<1^ RRR 1$R> CRMR Ir^ F 4R 'GRR RCR voRR grf^jfBR ^fMR RCR ^|#R I «llRRl 
i£)Rr RRC® RltR <|pt ‘SJR > i>l ^R C°1C*1R CR^fR^ C<pIr s I j 1 f^jR RtRtRtCR i£)^»|T> R 3 ^ 
RlRt RR ^tRPT R^fuR Stf^fRR 

(a) CR lRCR> R*§ffc rcrc^ CR^ Rc<pr Mr RCR 

(b) 2|R>RyfB RCR '©IRl^R 

(c) CRM «RR5 

(d) R® i 


*o>1r 
























































Tsrtcstm atfcwt 




<*RlGT « (rfft (SFRsfT ^ <Sft?F UNOT # ^r I W55T «M 'Sicst 
4*11^ %# few Rij %?r -^o «I (i) Wl<M>j Tj^? Rto R*$ R*ff OTW^T 
T^? C5®BT (ii) R*# Rtf 
Wl*l*l ^%<T «*Rl (iii) 

% R*R £*141*1 
i£R5fi> i£|^>f!S ^ (?Nt ^Jl4 I 

(i) SNCT ^ste' C*l4l*T 
^ftOT C*l4t*T R*R 

fcrC^R (.wow ^Nt ^1 9.24 
Raito XY **1*4 Y R^ 
g|RR*fl> YOB GNfa ^*IGJ 
®R ^IPBT ^Sf ^ X 

R^fiJii 811®% W #1 X 

csic* ®tc*rt *wi*<mm 

C*t4Pi %J F «*RT C5®^ 1w 
*ltRi c«qc*m wtaR^ Rc?r ®HJ 
»*I4R XO *ltwi 

ijR GNt GNtPT C^Ff 4?ICT <?$ X' 

R^jR ^ X <*RT £tf®% 1 X' <?!fc4 ®PF YO C^tt? 'S’R *W ^T Y' R 1 # ^ Y 
4? SlRRW? I 4lee& X'Y' XY ^ 2lf®% I ^ 8|R>Rws ^RI ®ltSRt 

~^us ’tlR: 



Raf 9.24: t¥f®t 5 1 ^ 5 ? l4*<g R*ft WR»I^ 

•jjKp^ (.'»'«(.* ^5 ?Ht '55 5 T ®t?T ^h©4 w.'ul ^5 

siRRYteR^n 


(a) stRR^jfiR 'oi^HH £*141^ 

(b) ^ 

(c) '5 c*t>1 

(d) »*RS 4 F! p ®fl4fa CSIC4 45 


(ii) ifRtd <3# PFWf f$4 R«fl ^35 ?W5PT # ^ 1 C4»fc®§; 

XY ^§R #f fos C*i4l>| ^ 5 ? Rf* (% 9.25) 44 ^ ®R?ST grf®%% 
®*||<M'S| XY ti Rv stRR^jfiR «i«HH c«nc»i<i C4*er C44 lS<p 

^ ^391 <^(I> 4 ©^ wtoh R^ 4»i^l4»lR ®rt4 ^c® 44W slRR^R ®®t; b®R ^ 

























































































^8 


'Sfa v s»ll^l$ ^V5 ^P5 I <?IC^ ^ 2|R>R««I Po^ fef »lR>i<H* '0||<.®lh> <rf% 

^r ^ ^ <i1*®<j slR>R* ifR? ^RfiSt'® (?Nt ^tte^ slfvsR^fD ^p§t ^fK: 



f&af 9.25: H 5 ? C¥t^T ^Cy<\ %t*f ^ iNt ^pT ^ 5dR>R*fi> ^ 

(a) 2jR>R*ffi>fl «|<HH c*p1^»|»i 

(b) ^m 

(c) 'Sc^Gl 

(d) ^ 3 * J i a Jl*i 


(iii) ^ ^0 0i 

cm^ T^p^ ^pp 
W ^FT ^51? # Slf^R* 
c^tm 

i£)^ SlfoRvft “ft# Ifo 

'SlMllfiJ* 'SIPSt ^ (ffer 9.26) 

^fi>W ^ITPs ^ <3FTO ^P9? 

H»pr ^tei w 

^srfl ^ 5 ^ ctWt Tj^p^ 

HtP ^9 *Nt ^r 

>iVyP$ Wf '4l!4lW<l *£Rsfer 

SiR>R* fcatt "P 1 <*§t>1 tjW 



fifcf 9.26:wW»i <3*3 ^IMT ^T 

stf%% fc®R ^1 


*o*tr 

































































»iR«i CT'Siit '55® sjRR^fc w5 C5fi> '55® *ttw ^ 5*Ft®Pf 1^3? Rc® <s@m 
vafl^c® «itwi <p§R *iR ®i%j 15539 (?^ 5^r®t5?^r'sm slR>R*fi> fcaR fa 

(SFl^Pf Rtjcvs I <p|ce?5 FFt®R ft^t ^OQU ?lto 5®t5=tt ^ 5Wt ~5JH 

(a) sl 1 ®R 55 ? wsft 5 ? ^ c^P\ < 45 ? c*pI^pt ijiic^ "srBNtw 

(b) ?m 

(c) tot 


® 


(d) CSRl 


8|*t: wot t*it*i5i wl < pl J i ^9?r w*lwl 5WT 55®T ®l5 < ll ,v s< SlR>R«f taR 551 
«ifv4>R^n»^ ?Ht 5 ]ft ®nr srt^ftw c^imw 

iS^5: ®rtm 5f*K5 Pr> *tR<i'si <i»5G®i <45# ®Rjfi>5® *lf55l^® 55 i 



Pic'S? <J>Wl 


^3®T PIPT^^f CSfa 1 C<MWl 5*$5 S||C«1l <455 *|35 v»|^c«n C5fi> c°ic»lfl <?M<M5 
R^cvs ®t? SlRR* fcoft 1 <4^ *Nf® <iml<l '®55 ^«T C«1C»m (3Ft¥l^ 

^ ’tmw l <4fi> 'SRI ^Pr CWlC®1« ^INPT C®WsT 5BT 

51555-5*1555 %® 5®^ *tw ^ OT5t55r siRRvisi ^551^ g)R>R*fl> 

*rt> ^55 ®*I5 OT CSR?F 555155? Tj^ft 545*f 5fS, <4ft^ -5CB5 <4^ <?!5Sl? 5*FW5 

^51 

?R 5®ffl? 5*155 <3555t ^3®T 55*1 5t «lt5® '®kc®l HVR ?*tF 1?5? *tftet ?*?5® 
‘‘itcsri ?w ' 41354 ? ®*i5t? ?*m w tor <m f?5? £®f? 5 ? 1 ?f? ■B*tot? 
\^ <Mb Rw <pkt<plR < i j '5(. < p ?is am ^5^ ww <4fi> '5 'q*i g®i*i i 


9.4.3 

5555? *MtbUI SfcpT® ?J4?I? 5*rR 5*t?t? 5t54l I 5®1??t ?R RR? 4l35*M ~5*\m 
t°i*i 'sl5t°i wHw ^>lwl *plwl T>*f5It?r t«i«i I'sR ^T 'Ss®? t°i®i Rtii, 

c®w5^r®R®^r wfeti®n^?r srm*its?ri? 


^t- 08 , *t*t1^flwBsisr, w-io^r ca|R 






































































































to c^rat tot ■&*Rm wsm 

C^f*t I ’tt^STTfa ^^tlf& tof 'OlN'Sl MMIC-ll* CB^t^? 


•itssiGra qfirtifl* to 

■^s c^fi> ^it*trafi> c^t^i 

tjjr> ^s®r fro 

<?m ^wtf| ^ 

^•SO? CSTC^f (Ftft G*Kft 

i®?i*Mfl> ®RJ GPPlfS (XW ^5 fff*ft?f 

ct owto cpf<m ^rat 
^#r c*$ (&m$ «Pn 

c®ro?rr ^ tot 
®lPTC*r <?f (?TC5R otwpt ^ *n® 
^ c^ C^r l'srPi»ifi>c<p w ^5 
<?NtW i (f&3T 9.27) 

Ttc®^ <?mz ’ft^m p ~sm 

OTW*T ^P^’ftfwi ^ 

otwst ^5 f fito crat 

n»K<.«i *TNKI1? P (W 

WfoWfcfai ®l<fc ffSffl? *|f|fto 
^tcat 'B’W mm #r ^r 2.5 
(3rr«fm«t 

Rt l) 'o|^c«i ^st? 

*"fofir C®TC3T^ (&m Tj^9 



f&3f 9.27: C*I c°1c*n) C^Ff^PPT *T® 4*1 C 5 !^ 

foPRlBw W ^ OT*im i 


/ = j m = 0.4 m (q<p<pf5 fri»|«i) 


*d^«t0 ^ ^S»T c«lc«Ta ^v5 (JN^Tfa 'SRI ^ I 'SRxoST C^fi> (JNtWfa ^TWQ 
<4F^ *\m\3 ’•Wfl* ^ CT ^55f C®rc*T ^5^ (s^ft Xj^5) W C^jfe CPf^lt 

®1? *TNRrt? w c#t ^T PFt^PT w i ^a«T c«u»u carter 
’tt'onm «ri^ 4 t *tf®?fij®, ®ra®*r «®ir?f *itwifir n*itw erc*ifi>® ^ 
’ttsfal i 












































































9.5 (Function of the Eye) 


9 . 5.1 otfus ^ 

C5te*l?r c^it, cFfafa cm, wfpffi' R«*ih, RvS^h ^ 

^rat (fSar 9 . 28 ) i c«mr <^«im 4<pfi> *m pi^i 

pJffo C5ft*fa C^WS i£T^fi> tsN3®T c«nc»l^ "STOBt ^Sf ^E?Tl '6|Uml (TO*lf| ^3®T ^t 

«lPN3l <m W Wt WI <NlW4l*l tR <^t*!tir W 2 }f^% 

<FfH pi TpMt ^\H\(M 

(s$m p* w, p=i £ 
pp c^iw *ftr cm 

PT gjRsitR^o p p? wfiiita 
«P <fR^ ^5t ftsf^ 

PiT i mIBhH «*RT «ltM *1^ 
ptT *TM qlMH^KMlfl 
^ C<ph^C«ll pft^tcnt P®t 
V5t^» vof^, Pl’HIW 

< # C F® p; ^ ^t 

^5% WhFto'elw 

Plfi»* *ll^ Tf ^SfRp ^Jtp aihjw 
uRoW <#mi ill*®** WlBHlil 
^ £)R>R^t<p oPtt 

ew ^r ^mr <*s>tT5*i <?r wst 

«ttw cpp^ oJR i csfcsRr csmi «iiwin *ifoiH ^twfctf ftsat <*viiwto 'srj 
^ rRR*r i cs\m pt ^icn <hwt w pt cenp *p SwRd3« 'srtwt cwt 

tint's ^llcul &*|'s^ > I*|'®Im J l“’j i f&'» Rft§f*i«n5|M» c^|6 wt*i l 



tSai 9.28: C5TW?ftf«*J Wt 


9.5.2 (J>|t*M ^wlefl 

pifliw <&&& to ^Pr i om<t\ 
PtD*R “T’R* <PW^ Gblt^RT C^f*t <PlC^. RtSI 'Sll^l RC®1 PM 'q jv H* ^C'O ^[ <PW I 

>H^«H C5tE*l?T cm 'BW|5f I «p PltM «lfi?* ^ ’sitW^ 

<m5\z$ to ckn % l^t ^ w (Rpi^m frw *nnr i 
















































































c?rito 'Q*m <^# ^pnft w c*pw*r fc# 

^ito toft^to "qnpi c^rat tom ^ w ^ ‘#^r <w, <m?*m 

<*FFfi> ^rtwpr c?p mp ^ ^ *p?i <??«fm cf&t ^cat i ^tvp# 

^ <7r*p ^r xp?r cf«tn^ m^rn *p?r faft*ifi3 *m ^ <tt*!P 

<tnp i wwiwi t & v $3 <mM «i«h<*^ <mm cbP<r 
OTi^r ^ 5 1to«t ^ ^*hm> csp? ^■‘pm ^r i 

9.5.3 4 JJ*1'0»I 

«r*p) < i' , 'g cblt^fa <>N < Mi^ (S^n> RFrv •■js'j} C^P <.<ii*l <pp '3'C5T 3>! ’N3 <7f*lt *Jlfl *Tt i 

CbP?T ^i<iCbW) <Pp CT R*<3[ *to «t^>)<]aj(,<ij ’’HS C^NT ^JRI, v slc < P 

R<pi> R**j ^r cbM csp ^ R**j^ k j^'9c < p 3>P H3 •’jRJo •jpi^T c^Tit ^ i ^ 

^ *iip4 mrc?r<r mM ^ro»t *ifa(&® ^ i f^ppr W$ 5 wfl>flll»iM*i 

^RFlfl *m$FT *<MR<l> <mm<J ^^5 25 WpGfiiJM ’to’SF® *TtC<n 

*m«>ui c#t ot ^5 CTtPff^ «itwr <?ifi> <tkt *im <?ito cbt^^f^^ri 
*lMR4 CbPI? ^J CT ^imr -5FORF »a|lMH>4tf ^p?f ^3TQ 

<??*to© *tf^ i 

9.5.4 C5fc*fa ^jfi> ^ adR>^h 

^rat 'StlR ^r^lfw CbN “R<pi> R**j” (Near point) ^ <K?1 

'sjfaMfaT <?I C<Mc*il <1^5 «I1^> m C^T C^I^T '**&> (Tt^ltf® ’ft^' i Cbtl^ 
*«mR<i> i ^ ^srfw ^*i% cbk^ ^ ^it 

cbt^ ^ «itwrQ ^rat si*fR ^ ^ to i c^ ^ 

~$m; 

(a) £*1^3 ^t ■#t c t^ 

(b) ^<^R3 


^N^jR> ^t ^H^F» (Myopia or Nearsightedness) 

'*T«t 5 T CbM <Pp«l (?^S <n?r ^p^ ^5 ^ »Tt, '®*I»T Cbt^ tgRc<P 

^r i «iq*f cbic^ ^ ^ «rp ^ ^ 


































































































$0)br 






'oilti’Q <plc^ ®ii»i(. a i OT*ftn i PmPiR^s 'jfi3 <phc ,, t «2|^ <gfi> 

TO ^Itc^i 


(i) C5tC*fa (."It*!* '0|R>^lD ■*!% ^f*f C^lPT ^t ^T? "TO - PtPT 'Q 


(ii) 



C*lOTl 


«pc«n <5^ *m 'a(ic e iis > ijftr C5tt^ c*ic»i<i ’ s r*4i t*rc?r stf^Ripfa ^i? - wfiHin 
$TO Sjl«R«f tafs •It *H9 > 5 , *il*ic»*i (f) I'oR TO (B<fl 9.29 a) i «pifi C5K 

^5^ 59 l^' (.lilt's ’iftf •ffl 





fi>3f 9.29: CStC*l? (^W TO*tfa lEji'sR* frsj?f <PHC'S ^Tf ’ttTO <j9$)9 

■^GT C^’TSpUt cWIjIWI W i 


qfS <Ml9 ©MJ tSTSf^T «q*|iS '®l9'S a 1 C*1C*I9 T>*W 9J9^J<1 9*0 O'® 3.C9 I "5*1*119 *5^ 
t o ic.‘®i'Si fosil cstc^fa S'q«i (.«ic*i9 ^ii®*il51 & 9 I 9 1^*l31'®, 9>l(.«t^ cblc^?r 

■^1 cto'*toto slfcfofr ^tBit c*ito M^to i ^i%f ^ cro^sfftt 

^imt®T v °ilc, a il9 i 9pii WtiT '°i9 N ®®i 0 = 1*1 (f&ta 9.29a) «*BT ’ S W Rmi cdM *t®t? *i*w 




























R <£RT froRl <PW l 


pi wnt^ csicp c*r?t £tf^#s w ft* calfctf 


nl’fyfiS *x^^R> (Hypermetropia or Farsightedness) 

<?frrt cm ^5 cp*r ^tcp ^5 cmre m ^t igflfev Jfl 
^r i <ul«cno -s rc s ff ^ ^ OT*tt ^rt?r i ftsiPiR^ ^ ^ ^ ^ro> i 

(i) cstcp c«ic*m *#*nf ^n©t c*tc?r ^t cstcp c«ic.«i < si c^i<h>i c^® <?rc«T i 

(ii) C^Tt ^tWt 'qlwlhw* ^JPft*f C5R®r I 

wr ^r ^ *m\ q$+«iu cstm mIBhio© fc®f% *<me 4i^iH. 

fi®5 C8FP Tsm 'Sllwl^ ■#& CMCP C«1CP W fe £|R»I<ICM<I P C^IT5hI<1 ft* $*tC?T ^t 
^jRT C*t^?T (F) R**jW> f^5 P (f53f 9.29b) I WT Cm ^ ^ CPC^ *tm ^t I 

8lfa4to 

^ ^ >5rj <£ra>fi> ^g»r c«ic*hi p*m <p<ic'® ^ i wr 4>N<Mfe, 1^5 
(fBar 9.29b) nftr Hi? <?m ^ c&tcp c*fc*r p p 

£|1vs^iQvo ^qth? ^ sr^sr^st ^ sil^R^lU 

(*n (R) dRT %*iet *tw I 

9 . 5.5 ci>H u>lc*ld i^R^j 

cm ^»fs ■ 5 W 2 R ftp, «n?r mp* «^i cm <*ro c&tcp ^ ftcg 

<J>«J<J>i3l faftpSi 4*tr?t wr ^C*Itl 

(a) CtfCP C^RRT P* mf ^ C#TO ^fir Slftft* fc©ft P ^ P# 
CPC® ^ I P# C&tCP ^RR C«IW #CS (R'Q^im ^ Tfi&S 

■R5I Ri, C^ ^8 0.03 s WWWd "TO CSIC^ -Jim 1 ^ 5iW h4Hl^sj(^d 

4#i ^®r 1 **llf?i'9<pl<.«m ^t^ c t ^srfsrat &«nt»^ f^'Q <?N1^ 'ai^Fb 

*lftl 

(b) 'i’HWkm # C5N ^RR Wf ^ *ltPi <> ito W ^RW, 

cm TO ^RR), ^ ^rat <il^ ^ C5R?t fillfcfiw Cl# 1 ^llvilc^ 

■srf^ <tfo ^ S|Fofiyc<t» ^‘ s mt‘ ? R ^ ^||V||CH<IM> ^P' CP 1 


*o)1r 



















































































^tOTl* 





tofTOt 


~\ 


^iito* ^ cbn *«*i* 4t*N ^tm c^wa ^(m\ 

*t$, 4to *®lt ^* ◄ftwlf^ln to* i TO*t *f* 44 CBN *mi* 
cM^t *jtu.'9*l 'q^fvs «|tC4 *f i R*mfD *|5]**H «t*u 44 CBN *N 
TO^to^St CI>|4lWN CB’G'T 4M C*TO C*T>t W4f$*l ^®t Cl»M»lMH ^5^ 
CBN *N C*N 4*? -^sl *C* *Nt ^s *jcb| ®1*iI*I 4W *NC* C*NC*T 4W f*G| 



#ar 9.30: CBtN* *1^4 NC&* 'oiRs'^ 4$ *!ftfi> Ito <3* 4*f *1* i 

(c) PW 4* TO* CTOS C* 'fllllllt^ C*fl*HlW> i£RS^t **$* $C*$t 2|f^% *t®E*'e ^5fl*<lt 

**$to <?m oni* 'ai^r® *ifo to* otto cbn <?m *t, c*ft 

^*4 CSIC41 CBtTO Gtf&TO C* 8lf^f*S *05 C*fS C*04 4[fcTO *TCCTO 4Mfi>4 *tO» 
to >iP©w sra, '#©’4 c*to torn to ^i><ic^c4 <?Nt* c*s i 



tofTOf 




<ato* cs w& ^ toes c*t wtfi> oni* fcsi* tot *t, 

41>tC4 TOT sfl^ Nl> I ^f* f4 C^rBt *ffat 4*0® "BN? 


TO CBN *N TO TO CBN to 9.30 fB3jto TO to* TO fi>$*fl><l to 4|fto 
SNlfr sfift* to *tto *TOT, *** TO to* 4IOTT fStS* srf^if** f$4 TOlft4 
*t05* >TOl*N«T *1^ NU> *T5C* TO* S$N TOT C*fl> TO*tI TO TO* I 

___ J 


Ss 

-1 








































































9.6 

(Perceptions of Coloured Objects) 


(.'©Ns! etltll 'oiNsi ?*!? C<p|<.«i1 R»^ ^5t? C?C^ fill's <p|«l's RC*I 'oilcFil 

^<ro to *tcsi cro??^ ^ <M TOtfi>? alto? 

M? to cro? <?ft?t? TO cwn 'siito* wfl>*TO TOt ^ *ro? 
<?Ft? ?w <£& *ro? ctto? m *w, , ®rt *j?w? c^tw<r ?i? “cro” i w TO? 
CTOfc^ '5IW<a ?SX<IW% (W t? TO 'ailwll'o ^tw ?*TO TO to} OTtP^ ?* 

<mw> »ltc??ti OT?F!J csjk*ih "^5 '*llC«llC'o 'aiN<i1 'oih^Nc-q (WTO CTO'S 's|c<i* 

?? OTTO *llf??ti ?f? TOtf? ^5t C^?? TO CTO? CTOt^lt 

toi ^ ctoto w *ro%, 'simr to ?f? cror to ■m topit otto 
TOi 


CStm cSfsrf^TO tot TO^fttCi!? nft&M tot 1 ?f? n? ^ro 

tint's Hlwl ^stTOT O'Hw g»HI«Hii ?^H TO *1 H, ?^W 4?? *il«n ?CS? J ]^i Rc?i 

'5[<K tofi> ?* fil wler^fl 's^'ol tro 'SRI ?|? ^ fcsj? ?*?f ?t? I 





CSltor OTR, ci3Pll'SJ*t*f ?f «Ut*II>C*l? Ra»c*i ^ OTfT> <4^5t *llf?? Ito OT»t ^s*R 
^•T CTO!? ?fl5t TOf ^TO, Ijf? ^I? Rfci* OTTO *ttOT I 1®? to ?° #t 

?cs? to*r fro ftsf? ?? croit i ?®i? ?rcs? w?t f^tro’tPit ?*t ?cs?? 



to? TOT 


r. 


'S'sqj»i TOTO fa v l5]'0 ?C& TO 9.31 1?3(f5? 1?C^> 1*®l? ‘jRJc'O <4?* f»i1*1l> 

^5tto TOt, cm troTO^ ?tT o ^1 ^*1? TOf? ?css? TOsiTO 
etlsi’ilfS* fro T ®t<Pt'Q I OTTO -^S?f TO OTTO ^TOI CSafstt? 
c&lc^t? ?° c<p 1^TO' a i‘*m ^ ?^ cTO spin's ?j? ?|?| 'gf? 

?d?% ^!? OT3jf^? Nsi^»l’6 ^4|? C? OTt^jOTt <U<I^|'» ??1? ?t spl*® ?C?T 

?i?t? ottot «Pr to i to cTOi? 1?^® ?cs? crotOTt c^ 

?50 OT^I1??OT ^ ?C& l 


^Oibr 


















































































^f%i ^st 


fear 9.31: t£Rsfi> ^f% i 


C^lS tom* ^sp^MT *Mwm MS'fflW, ^5 "siMRr 1*F5t ^RT fpll?' 

^tW3T *ltat: (a) csm 1“I'*M J , ®wrilSl, 'SIMM!, 'ol^-whcrai ' 5 f i ff CSlCT* 9 il®rli>'» t£^ 
CTC*lfI> v !J Rfosj 9 lt'®ll1w<l tUM? <PM »lt liT^sf *r*t®RC^ 

<q|^ ^»«ll | 


(b) 'slum j l<li5.w j ^ 'SIVMI Mm 3 <pH©tfD *1 vat's ^Ft'Q »iR£ ^mt&til OT vjst'? *33, 

^Mt *Hm<i *q|6^,c*nw ^TtW ’tfsffa <> tt^I CTt vj^^IU f»It? (St’M 

»iklc*u ctc 9 ! •tt'Q i <1|1S 'slum n^ftm •jjm's^ i 

(c) "^Mt ^*|sit <u<irM 'slumw ‘&*fsjt ^St 'siMfa ^ 

t^C?I 'slum ' F f*f^T?r •JJ'I'sn tj^5 <K3 •Tf'G I 

(d) W MJ% ^T, ttH-jilPto Wf FW <U«3M<M<ikM ~5*\m Htstifc 

3«Pim 'S ^*|s)T ^st *jj*i'sji t^f i 

*lWS« t£R? WEIS'S Ffsjt? <1teTO? ^1?Ff wffr ii*fcra ^5Sf vsM'st^ 


W-ioTT 





























’NxlfoesH 


*38 





Wf 

1W 

^^Hi4l3lcw 

vqm *tttf?it?r 


F*m^5iwrS 




























1. <m cufliHioe Wr stf^% fcsftTO, astern ^rat Wr g*R <?r? 

2 . cstc^sT ' s tr<b^^ ^«it i 

3. 'STfaJPT ^t^Tt? C^t^, 4 TWH C*^ ^ C*IEs *tt?W? 

4. «?^pr c*f*it ^rt? ^t c^r? 

5. w!St c»ic*i3 "srest ^tw <mw> *ltra, ^ (.«no»i<i wl4»l*i w *ttw? 



43 



ffcsj 9,32: Rtjtvo 3f® 7 ra i: ltW ^ cm ^3^ ?fHt ^C®T '0|'»j*«fH 

CW *lR<qf'0'o ^ 3TC? i 


*o)tr 




























*o)lr 






1 . 9.32 leajte ctfW i<M>t 

^twr ?Br sfm 

stf^ra ^1% c^t*t <tflnt c 5 ^ 

65° i l^s ct ^c® Wtf&S 

ws (tniet iw l^f wi ?m ^twt 

yarspsfH srf^SR 75° C® I v<\w<\ 

£|f%5RJ«f|^S <p\»? 


X 

Ll 

Y F 



2 . «pIcm baft ^s»f c«ic«i<si frNi 

10 cm I fW i£|^»n> (.“1*1 D^l 

%?r fcsft <p*g«i wi#i w ^? 


ftaf 9.33: 'SR^T (?TC5Rf 

^Ht 4*§ i 


3. XY ®f*U '®lu < l'®5^? J T«^ *ll3>^'»lw ^(.<P SjfoRsflu Cftm ^.w C c f s ft'Q I 

(fozf 9.33) 



(a) (b) 


1^5 9.34: (a) ^3*t 0^*7^ CT 5 ^ CS^sT <INT <P^ (b) ^3*f CEpl^Pf 

‘jfl w ^%?r ?Nt 

4. XY ^fihr er»u 'sis ^Pll^c®il <i'o5^ J i'«^ »iiw 2jf®R^f5 &q>Hta Celt's i 

(f53f 9.34 a) 

5. XY @t»u vot-si nftltM <1'aj^ J T&^ tffC^r gj|vsR^II> c^NI*l ^C<1 Celt'S I 

(f53I 9.34 b) 























































’illxlR'eah 





8W 


ftsillbl *HPTffo(V)f^*it« 


1. dNJCT* Ca^ ?ffl C^lOTt <*$M> ^*0^ CSK?F tfRT £#% C^M? 


W? 

(^F) ^jcHH Rc<P v»ci> 'OlHw (^t) PlU><l fac.<P *iw <ilw 

(«t) «m<i «rm^ (*r) *np*r ^iw 

9.35 t53f CSlC^ 2 'Q 3 *R StWt^ ^5? I 

Q 

2 . «miPT firt^Brt C^M w? 

(?) 0° (*f) 90° 

(«t) 180° (?) 45° 


N 


O 


N 1 


R 


^ _ a tfcsr 9.35 

3, ’dW^T ^ 'dfa'G '®Kc o 1 ?\ ^4? 

(^) d'eJ«teSft c l Stf^Wt (*i) ^®F©fH dfe*MH 

(’t) dfawt (*r) dl^>H4 


4. '5'Q»l C®1*1 'OWC*m WW ■UMlM W3|V& <jpl| f53f— 




ffear 9.36 


(*) i 0«) ii 

(«l) i « ii (*f) i, ii « iii 







































5. 0*10*1* 'Ws1?T <£IW wHtu? 

(^) (*t) 'fl?# 

(«t)M wst (^) 

^5R%T £ft 

1. w <21% ^i# Wfr svi+hio&i put ^n?iF5tR (?n^s *tra ^ti wt 

vm&m ’■ram ^r ^biw -2D -to Epict ?mtra? *raisrf 

%5Ri 

(^) 0*1*1 ^lo** <10*1? 

(^f) **|*f jfo|pq iSJ*>fi> 0*1*1 '*R1® *»*l m? 

(«t) l"l'Sl*i* b**i>iiii o<pl*>h ^5 %?r ^cat i 

(*r) Pl'»^lo<p 1 *Hl'9i^» (-) wsfa 0 * 1*1 ’tatspf c^q-siIo o<il1®<p'al 1®K i 

2 . w ^ jitw ^iwiro 6 

^ <3lW> 8 C*lft ^ 2 Flft *TWl $o*'erl* C^f 

^*1? %» <?f Rl«*|'o|o*q 2tf^% ffNI? C5^t ^?*T I (P[ 'oilR^I* W 

*l?t OT (?NtW C5N ?NC*f 2tf^% ffNfls ’flu, FW ^ o«p*io*i ^stW 

'oiio**>5 Tjc^l’tai 
(^) w^n? ~m t*N i 
(^ f) Hll*!* ^iloHo*!* **Igd* e|%nrtt^ l.ll ^*io'®' t ^1? 

(’t) ^.o«i'srlo5i« f% *13^ sj|\»% C^Wfef fcof?T ^C3 ^®t3 , oilo<pl i 

(3) 'slo*o*>* cstc^Rr mrifr Rosf^*t **0*1 i 




UL4 

































